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•  State-of-the-art  model  for  wheeled  vehicles  mobility. 

•  Soil  characterization  (i.e.,  how  to  obtain  the  parameters 
for  the  aforementioned  model). 

•  Single  wheel  experimental  methodologies 

-  Particle  Image  Velocimetry 

-  Force  sensors 

•  Comparison  between  State-of-the-art  modeling  and 
measurements 

•  Conclusions  and  future  work 
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Terramechanics  models  are  based  on: 

-  Bekker-Wong  equations  for  normal  stress  calculations 
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Janosi-Hanamoto  equation  for  tangential  stress  calculation 
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Wong,  J.  Y.,  and  Reece,  A.  R.,  “Prediction  of  rigid  wheel  performance  based  on  the  analysis  of  soil-wheel  stresses  part  I,  ”  Journal  of 
Terramechanics,  Vol.  4,  No.  1,  pp.  81-98,  1967. 


GVSETS 


UNCLASSIFIED 


jj^ 

Soil  Characterization 

mi y 

UNCLASSIFIED 

• 

7 

Direct  Shear  Test 

MODELING  m  SIMULATION,  TESTING  into  VALIDATION 

W\  m 

•  Direct  shear  tests  are  used  to  characterize  shearing 
properties  of  soils 

•  Direct  shear  tests  are  standard  tests  in  the  geotechnical 
practice 
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•  Direct  shear  tests  provide  shearing  properties  of  the  soil: 


rx(0)  =  Tmax  f  1  -  e  fc*x-4 -  Shear  Modulus 

_ _ Cohesion 

Tmax  —  C  +  an(0)  tan0^ - Angle  of  Internal  Friction 
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•  Plate  penetration  tests  were 
performed  to  characterize  soil 
response  to  normal  loading 

•  According  to  Bekker-Wong 
theory,  plates  dimension  have 
be  comparable  with  the  wheel 
contact  patch  under 
investigation. 
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•  Penetration  tests  provide  information  about  soil  normal  loading  response 

Cohesion  dependent  soil  coefficient  Frictional  dependent  soil  coefficient 
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•  Penetration  tests  showed  how  variable,  even  under  carefully  controlled  laboratory 
conditions,  soil  response  can  be. 

•  An  initial  attempt  to  statistically  characterize  soil  response  was  made  but  further 
investigations  are  under  way. 

•  Aspect  ratio  influence  was  not  investigated  because  plate  width  is  constrained  by 
wheel  geometry  (wheel  width  is  fixed  while  contact  patch  length  depends  on 
sinkage). 


Using  the  (deterministic)  approach  suggested  by  Wong*,  two  sets  of  parameters 
were  calculated.  57  is  obtained  truncating  the  data  at  50kPa. 
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Terramechanics,  17(1):  13  -  41,  1980. 
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•  PIV  is  a  methodology  for  extracting  instantaneous  velocity 
fields  from  a  series  of  images 

•  Probable  displacement  is  determined  by  using  the  cross 
correlation  function 
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•  Since  a  ground  truth  for  soil  motion  was  not  available, 
the  velocity  of  a  plate  (precisely  measured  through  a 
draw-wire  encoder)  was  compared  with  PIV 
measurements. 
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PIV  Results 


•  Wong  Experiments 

-  Average  Ground 
Pressure  =  30-90  kPa 


Figure  1.11:  Soil  flow  patterns  under  a  driven  rigid  wheel  in  sand 
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•  MIT  Experiments 

-  Average  Ground 
Pressure  =  7-13  kPa 
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•  Flexing  beam  instrumented  with  strain  gauges 

•  Tangential  and  Normal  forces  applied  to  the  tip  can  be 
reconstructed  from  gauges  reading 
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Conclusions  and  Future  Work 
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PIV  shows  phenomena  that  do  not  completely  agree  with 
assumptions  behind  classical  models 

-  Only  one  failure  envelope  develops  (not  two) 

-  Soil  failure  is  periodic 

-  Soil  is  always  attached  to  the  wheel  surface 

However,  stress  measurements  show  that  Bekker-Wong 
model  is  still  able  to  capture  main  trends  (for  low  slip). 

Further  efforts  will  be  dedicated  to  characterize  variability 
in  soil  response  and  how  models  are  affected  by  it. 

The  underlying  complex  mapping  between  soil 
displacement  and  stress  (i.e.,  constitutive  law)  will  be 
investigated  in  order  to  improve  modeling  capabilities. 
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